Log-linear models are used to analyze the contingency tables. If the variables are ordinal or interval, because the score values aect both the model signicance and parameter estimates, selection of score values has importance. Sometimes an interval variable contains open-ended categories as the rst or last category. While the variable has openended classes, estimates of the lowermost and/or uppermost values of distribution must be handled carefully. In that case, the unknown values of the rst and last classes can be estimated rstly, and then the score values can be calculated. In the previous studies, the unknown boundaries were estimated by using interquartile range (IQR). In this study, we suggested interdecile range (IDR), interpercentile range (IPR), and mid-distance range (MDR) as alternative to IQR to detect the eects of score values on model parameters.
Introduction
Categorical variables, which have a measurement scale consisting of a set of categories, are of importance in many elds often in the medical, social, and behavioral sciences. The tables that represent these variables are called contingency tables. Log-linear model equations are applied to analyze these tables. Interaction, row eects, and association parameters are strictly important to interpret the tables.
In the presence of an ordinal variable, score values should be considered. As using row eects parameters for nominalordinal tables, association parameter is suggested for ordinalordinal tables. Score values are used to weight these parameters. In that case, selection of score values is important. For instance, taking the score values equal does not t in many studies because these scores may not represent true intervals between categories. Choice of scores aects estimates of model parameters and results of goodness-of-t test statistics.
To use quantitative data in contingency tables, the data need to be converted to qualitative form. If one category (class) of a variable has either no lower or upper limit, this category is called open-ended. Age, income, serum cholesterol levels, systolic blood pressure are some examples of variable which can have open-ended categories. Ku and Kullback [12] used a contingency table which one of its variable is systolic blood pressure with the levels: (1) "< 127", (2) 127-146, (3) 147-166, (4) "≥ 167". Lower bound of the rst and upper bound of the fourth categories are unknown. Agresti [3] applied linear-by-linear association model to the data and accepted that the distance between (12) , (23), and (34) categories are equal. If it is not allowed to get raw data, it is not possible to nd minimum and maximum values. Therefore, it is impossible to nd the boundaries of open-ended categories. In this situation, the boundaries need to be estimated rst. Then the score values can be calculated.
Determining these boundaries and tted score values have been discussed by authorities. The author who studied on score values initially was Birch [6] . Simon [14] , Goodman [9] , Agresti [3] , Graubard and Korn [10] discussed the equally spaced score values in their studies. Inequally spaced scores were discussed in the studies of Bross [7] and Agresti [3] . Iki et al. [11] used ridit scores to analyze square contingency tables by using cumulative probabilities. More recently, Bagheban and Zayeri [5] proposed exponential score values as an alternative to equal spaced scores. Initially, Frigge et al. [8] proposed the interquartile range to illustrate the outlier, then Tibshirani and Hastie [15] , and Liu and Wu [13] focused on the interquartile range (IQR) to detect genes with over-expressed outlier disease samples as we used on estimate of the open ended boundaries. Aktas and Saracbasi [4] used median and quartile ranges to calculate standardized score values on open-ended categories. We suggested three dierent methods as alternative to IQR for ordinal categories that are grouped from quantitative data.
In this paper, through an application with one open-ended variable, we discussed the eects of score values on model parameters. The proposed new methods used to determine the boundaries of open-ended classes. In section 2, the log-linear models were introduced. Section 3 outlined the score methods and suggested the methods to estimate the boundaries of open-ended categories were represented in Section 4. The log-linear models and the estimation methods were illustrated in Section 5 by an application.
2. Log-Linear Models 2.1. Models for Two-way Tables. Consider an R × C contingency table that the rst variable is represented by X and the second variable is represented by Y. In this two-way table, cross-classies constitute multinominal sample of n subjects on two categorical responses. Let nij denote the frequency of (i, j) cell and the cell probabilities are πij and the expected values mij where i = 1, 2, . . . , R and j = 1, 2, . . . , C. The properties of independence [2] , linear by linear association [9] , and row eects [3] models for two-way contingency tables are given in Table 1 . Table 1 . The properties of most used log-linear models for two-way contingency tables
Here, in the equations λ is the overall eect parameter, λ The local log-odds ratios of linear by linear association, uniform association and row eects models are given in the Equations (2.1)-(2.3), respectively. 
The constraints are represent the row eects model parameters [2] . log θ ij(k) is the conditional log-odds ratio between X and Y for xed levels of Z, log θ i(j)k is the conditional log-odds ratio between X and Z for xed levels of Y and log θ (i)jk is the conditional log-odds ratio between Y and Z for xed levels of X can be calculated from Equation (2.5).
(2.5)
2.3. Scoring Methods. For log-linear model studies, assignment of score values is important. Assuming all distance between adjacent categories equal is not always t the data. In this situation, the way to assign the scores causes a problem. The score equality of best tting model is chosen as the distance between adjacent categories. As π.j, j = 1, 2, . . . , C are the marginal probabilities of the ordered variable Y, the properties of equal spaced, ridit [7, 11] , and exponential [5] scores are summarized in Table 2 . Table 2 . The recommended score equalities
For application of equal spaced scores, all the intervals between adjacent categories are assumed as equal. The cumulative probabilities are used to calculate ridit scores. Sometimes, non-equality characteristic of scores are observed in the categories of variables. In this situation, the arithmetic progression between categories disappears. The exponential scores are used when the baseline characteristic of categories changing by a geometric progression. a in the exponential score equation is called the power parameter and the model gives the uniform association model with equal spaced score values for a = 1.
Suggested Methods to Estimate the Boundaries of Open-ended

Categories
The most practical scoring method is the exponential scores because it permits dierent values of the power parameter. However, when working on the open-ended ordered categories, these methods are insucient. Applying the same method both ordered and open-ended categories is only possible when ignoring the open-ended structure. It makes the minimum value (lower bound of the rst category) and the maximum value (upper bound of the last category) unimportant. However, these unknown values are the proof of inequality of scores.
Instead of using equal or non-equal scoring method, the dierent methods need to be used. To avoid the outlier problem, the interquartile range was suggested as a measure of dispersion [13] . The rst quartile of a raw data is dened as Q1 and the third quartile is Q3. Then, the interquartile range is IQR = Q3 − Q1. For a frequency table with k categories, the values which are less and greater than the limits in the Equation (3.1) were dened as outliers by Frigge et al. [8] under the normality assumption. Under the normality assumption, the estimations of the boundaries with these methods can be limited as following equations, respectively. Figure 1 . Although the IPR seems to have wider range, this does not mean that it uses larger part of the distribution and it is better. The aim is to explain the data well and this depends on the distribution of frequencies. Under the normality assumption, the percentage of the rst category is p1 = P (x < M D2) and the k th category is
The distribution of frequencies is used to calculate MDR. Under the normality assumption, the boundaries are suggested,
where Z1 = Φ −1 (p1) and
For Ku and Kullback [12] example, MD's of systolic blood pressure are calculated and shown in Table 3 [2]. Here, the estimated LB1 and U B k , which are dened in Equations (3.1)-(3.4), are used to calculate the midpoints. The standardized score values for row and column variables are
An Application
The 2 × 4 × 4 contingency table, which is shown in Table 4 , is taken from General Social Survey, 1991, National Opinion Research Center. It refers to the relationship between job satisfaction and income, stratied by gender, for 104 AfricanAmericans [3] .
The described models in Section 2 with equal spaced score values for (nominal×ordinal× ordinal) structure were applied to the data in Table 4 . Because the data set contains sampling zeros, a correction factor for zero of 6 cells (nij = 0 + 0.5) was used. Table 5 shows the value of likelihood ratio statistics (G 2 ) for testing the goodness-of-t of each model. λ genderincome and genderjob satisfaction, respectively. β IS is the association parameter between income and job satisfaction. Then, Akaike Information Criteria (AIC) was used to select the best tting model [1] . Regarding the presented results, all models were t the data. Because the Model 6 that contains both association parameter between incomejob satisfaction and the row eects parameter between genderincome had the smallest value of AIC, this model was chosen as the best tting model. Thereafter, the recommended score values were applied to Model 6 to choose the appropriate score values. Considering the open-ended structure, the standardized score values for income were calculated. Because gender is a nominal variable, score alternatives were not considered. For job satisfaction, equal spaced, exponential, and ridit scores were applied. The IQR, IDR, IPR, and MDR values for income were calculated as 17936.92, 25855.86, 30441.32, and 20000 respectively. To use mid-distance range, the percentages of rst and fourth categories were calculated as p1 = 0.2056 and p4 = 0.2337. Then, LB1 and U B k from the methods, that were previously mentioned, were estimated. The estimated boundaries and range of income are shown in the Table 6 . The estimated values of the lower bound are negative. This is reasonable when considering the people's loans. Between these methods, MDR has the largest value.
The score values in the rst part of Table 7 were calculated for job satisfaction. In the second part of the table, the standardized score values in Equatin (3.6) were calculated for income. After analyzing the model with dierent power parameter values of exponential score, much appropriate a was found as 2. Because of the dierences between estimated lowermost and uppermost values, the only alteration happens on the rst and last classes. Model 6 was analyzed with the score values in Table 7 . The results with dierent score values for income and job satisfaction were shown in Table 8 . Despite all the models in Table 8 tted the data based on df = 22, the goodness-of-t test statistics diered depending on the score alternatives. For these models, the best tting one is Case 5 which has standardized scores for income with IDR method and exponential scores with a = 2 for job satisfaction. The 10% trimmed range was found as more appropriate. Besides the variation on G 2 statistics, estimated association parameter changed for dierent scores of income and job satisfaction. In general, the exponential score for job satisfaction had a decreasing eect on G 2 statistics for all the combinations.
The association between adjacent categories where the gender eect is constant could be explained by odds ratio that
The local odds ratios from the scores in Table 7 were estimated. The association between adjoint categories where job satisfaction eect was constant could be explained by odds ratio that Table 9 and Table 10 show the odds ratios for dierent score values. Regarding the presented results in Table 9 , using dierent methods to estimate the lower and/or upper boundaries of open-ended categories was varying odds ratios. Using the estimation methods of IDR and IPR generated the odds ratios similar but dierent from the odds ratios estimated by using the IQR and MDR. Any category change on gender does not aect the odds ratio. The reason of this is the odds ratio depends on only changing scores of ordinal variable in row eects model. Regarding the presented results in Table 10 , the odds ratios were varied between dierent scores of income.
By Case 5 in Table 8 , the local odds ratios, which were calculated from parameter estimates, are shown in the following matrix. The odds ratio that income was "5000−15, 000" rather than "15, 000−25, 000" estimated to be 1.182 times higher than when the job satisfaction was "A little satised" rather than "Moderately satised". The odds ratio that males rather than female estimated to be 2.067 times higher than when the income was "< 5000" rather than "5000 − 15, 000".
Conclusions
In this study, we focused on determining the model which explains the data well for open-ended categories. This determination depends on the changing score values. When working on the contingency tables, which contain open-ended ordered categories, the open-ended boundaries of the distribution is suggested to be estimated. In the previous studies, utilizing the interquartile range, which is calculated from the rst and the third quartiles, the unknown boundaries were estimated. In this study, we suggested alternative methods of interquartile range. We estimated the unknown boundaries of the table with these methods.
The used method is important because dierent methods cause dierences on the estimated boundaries and accordingly midpoints. Dierences in midpoints cause dierences in score values. The changing score values also inuenced the model signicance and model t. Parameter estimates and odds ratios varied between the methods which we utilized.
The dierence between these four methods is that the estimation methods of IQR, IDR, and IPR use the trimmed range, which is a constant value, and trimmed ranges from the both side of the frequency distribution is equal. However, to estimate the MDR, we used the trimmed range where the information comes from the distribution of open-ended variable itself. Therefore, the trimmed ranges are dierent between the left and the right sides of the distribution. This dierence comes from the percentages of the rst and last categories.
